Abstract: The goal of this study was to examine the development of the reticulum, rumen, omasum and abomasum in six calves from birth to 100days of age by means of six serial ultrasonographic examinations. The examinations were carried out in standing animals using a 5MHz-transducer as described previously. The calves were primarily fed milk until examination 4 and then they were weaned. The reticulum was assessed for its shape and contractility, the rumen for its size and content, the omasum for its size, content and motility and the abomasum for its size and content before and after the ingestion of milk. The reticulum was seen in all calves starting at examination 2 and had biphasic and triphasic contractions; the latter were associated with eructation. The rumen was always imaged in all calves as early as Day 1 and its visible size increased progressively in all intercostal spaces (ICSs) during the study period. The omasum was best imaged in the 8th or 9th ICS; it was seen medial to the liver dorsally and usually medial to small intestines ventrally. Its visible size in these two ICSs increased progressively but omasal motility was not apparent. In newborn calves the abomasum was the largest compartment and dominated the abdominal cavity. It was visible from the 5th ICS to the flank. Except for examination 2, the mean visible abomasal length was significantly larger after feeding than before. Lateral abomasal extension to the left was greater than to the right at examinations 1-4, but was much smaller than to the right at examinations 5 and 6 because of progressive expansion of the rumen. Abomasal extension into the right hemiabdomen changed little during the study period. The goal of this study was to examine the development of the reticulum, rumen, omasum and 26 abomasum in six calves from birth to 100 days of age by means of six serial ultrasonographic 27 examinations. The examinations were carried out in standing animals using a 5 MHz-transducer as 28 described previously. The calves were primarily fed milk until examination 4 and then they were 29 weaned. The reticulum was assessed for its shape and contractility, the rumen for its size and content, 30 the omasum for its size, content and motility and the abomasum for its size and content before and 
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The goal of this study was to examine the development of the reticulum, rumen, omasum and 26 abomasum in six calves from birth to 100 days of age by means of six serial ultrasonographic 27 examinations. The examinations were carried out in standing animals using a 5 MHz-transducer as 28 described previously. The calves were primarily fed milk until examination 4 and then they were 29 weaned. The reticulum was assessed for its shape and contractility, the rumen for its size and content, 30 the omasum for its size, content and motility and the abomasum for its size and content before and 31 after the ingestion of milk. The reticulum was seen in all calves starting at examination 2 and had 32 biphasic and triphasic contractions; the latter were associated with eructation. The rumen was always 33 imaged in all calves as early as Day 1 and its visible size increased progressively in all intercostal 34 spaces (ICSs) during the study period. The omasum was best imaged in the 8th or 9th ICS; it was 35 seen medial to the liver dorsally and usually medial to small intestines ventrally. Its visible size in 36 these two ICSs increased progressively but omasal motility was not apparent. In newborn calves the 37 abomasum was the largest compartment and dominated the abdominal cavity. It was visible from the 38 5th ICS to the flank. Except for examination 2, the mean visible abomasal length was significantly 39 larger after feeding than before. Lateral abomasal extension to the left was greater than to the right at 40 examinations 1 to 4, but was much smaller than to the right at examinations 5 and 6 because of 41 progressive expansion of the rumen. Abomasal extension into the right hemiabdomen changed little
Introduction

48
The ultrasonographic characteristics of the reticulum, rumen, omasum and abomasum have 49 been described in detail in adult cattle and were summarised in a recent report (Braun, 2009 ). Similar 50 studies have been carried out in milk-fed calves from birth to 20 days of age (Jung, 2002) and in 90-51 3 day-old hay-fed calves (Gautschi, 2010) . Comparison of the studies showed that the ultrasonographic 52 findings varied greatly between these two age groups. The digestive tract of calves changes 53 dramatically during the first few months when milk is replaced by hay, which leads to an increase in 54 the size of the rumen. Biphasic contractions of the reticulum were seen in all calves in which the 55 reticulum could be imaged ultrasonographically. Reticular motility was not as regular in milk-fed 56 calves compared with hay-fed calves and adult cattle. In hay-fed calves, the amplitude of reticular 57 contractions was significantly larger and the duration of the first contraction significantly shorter than 58 in milk-fed calves (Gautschi, 2010) . The size of the rumen was considerably smaller in milk-fed 59 calves compared with hay-fed calves and the rumen occupied the entire left hemiabdomen in the 60 latter. In an ultrasonographic study of 10 calves several days after birth, the omasum was seen in only 61 one 14-day-old calf (Jung, 2002) . In calves that were an average of 20 days of age, the omasum was 62 seen in nine of ten, and by 90 days of age, the omasum could be seen in all 10 calves (Gautschi, of milk clotting was shown to differ between calves fed cow's milk (Gautschi, 2010) farms immediately after birth and enrolled in the study. None of those farms had health problems.
87
The calves had received 2 litres of colostrum from the dam and weighed 47.8 ± 8.01 kg (mean ± sd).
88
Colostrum feeding was repeated twice at our clinic, and the calves were given 50 mg specific anti-E. 
Study design
99
The reticulum, rumen, omasum and abomasum were examined ultrasonographically as 100 described previously in detail (Gautschi, 2010; Braun et al., 2012; Krüger, 2012 Opfikon/Glattbrugg) was also applied to the transducer. margins and the size of the omasum were determined analogous to the method used for the rumen.
146
The visibility of the wall and leaves of the omasum were determined and a 9-minute video of the 147 organ was recorded to assess its motility. the start of milk intake and the appearance of the milk in the abomasum was measured using a stop 157 watch. The calves received 50 % of their daily milk ration, but no more than 4 litres, warmed to 39 158 °C, via a nipple connected to a rubber hose, which reached to the bottom of a 10-litre bucket.
159
Immediately after feeding, the position and size of the abomasum and its contents were re-assessed. During examination 1, the reticulum was seen in only one calf at the 7th ICS on the right side.
173
From examination 2 onward, the reticulum was seen in the sternal region in all calves and up to 174 examination 4 was often displaced from the abdominal wall by the spleen or liver (Fig 1) . After 175 examination 4, the reticulum was adjacent to the abdominal wall and the reticular wall was visible as 176 an echogenic line as described in adult cattle (Braun and Rauch, 2008) . Because of its gaseous nature, 177 the reticular contents were not visible, or only produced an ill-defined echo near the reticular wall.
178
The only exception was one calf at examination 2, in which the reticular contents appeared 6, whereas the size measured in the 6th and 7th ICSs did not change appreciably (Fig. 6) . With the 239 exception of examination 4, the visible omasal size was largest in the 8th and smallest in the 6th ICS.
240
Omasal motility was not detected in any of the calves. ultrasonograms. The pylorus was much more difficult to identify after feeding than before feeding, 262 but was always located in the right hemiabdomen.
263
The abomasum was visible in the ventral midline from 0 to a maximum of 12.5 cm caudal to 264 the xyphoid, and its mean length before feeding varied from 12.9 and 23.8 cm (Fig. 7) . The visible 265 abomasal length changed little from examinations 1 to 4, but at examination 6, was significantly 266 greater than at examination 1 (P < 0.05). At examinations 1, 3 and 4, the visible abomasal length was 267 greater before feeding than after feeding (P < 0.05). 
Discussion
280
The reticulum was identified in only one of the newborn calves, presumably because it was 281 very small and not adjacent to the abdominal wall. Thereafter the reticulum was visible in all calves 282 and had typical biphasic contractions at all examinations. The reticulum was visible 283 ultrasonographically in seven of ten three-week-old, milk-fed calves and also had biphasic 284 contractions in a previous study (Gautschi, 2010) . These findings were in slight contrast to in eight calves that were 12 hours to two weeks of age (Jung, 2002 The abomasum was visualised in all the calves at all examinations, which was in agreement 319 with other reports (Jung, 2002; Gautschi, 2010) . As described in a previous study (Gautschi 2010 (Lischer, 1991 
Table 1
Age of calves, interval between ingestion of milk and examination and amount of milk fed (mean ± sd, range in brackets) at six sonographic examinations during the first 100 days of life. Table 2 Left lateral extension of the rumen (cm) at the 6 th to 12 th intercostal spaces and the flank (mean ± sd, range in brackets) in six healthy Holstein calves. 
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